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INTRODUCTION
The purpose of this research was to observe interactions with the radio made by participants during naturalistic driving. This was a data-mining project making use of the 100-Car Naturalistic Driving Study database, previously conducted by the Virginia Tech Transportation Institute (Dingus et al., 2006) . The objective of this data-mining project was to examine what radio features drivers access while driving, how often these features are accessed, and how long they interact with these features. This study was intended as a feasibility project, to determine the extent to which this information could be garnered from the existing 100-car data. This study is not intended to represent a definitive study of naturalistic radio usage, but nonetheless some useful findings emerged.
The 100-Car Naturalistic Driving Study was the first instrumented vehicle study with the intent of collecting pre-crash naturalistic driving data. One hundred participants volunteered to either use their own vehicle (80 participants) or use a study-provided leased vehicle (20 participants). The vehicles were instrumented and the selected drivers participated for 12-13 months. Taken as a whole, 2 million miles and 43,000 hours of video were collected for 241 primary and secondary drivers. There were 15 police-reported and 67 unreported crashes, which were denoted by "any contact with an object, either moving or fixed, at any speed in which kinetic energy is measurably transferred or dissipated." There were also 761 near-crashes recorded, defined as "any circumstance that requires a rapid, evasive maneuver by the subject vehicle, or any other vehicle, pedestrian, cyclist, or animal to avoid a crash."
METHODS
The first task was to determine which of the 100-car participants and video data met the criteria for inclusion in the study. Participants under the age of 24 were excluded. To represent an operationally-defined average trip, only video clips in length of 16 minutes or greater were sampled. Drivers that did not have sufficient clips to extract a representative sample from were also excluded. Videos were sampled from the remaining eligible participants for usable camera views. Recall that the purpose of the original 100-car study was not to determine radio usage and, as a result, some of the camera views that included the radio were obscured. Ultimately, 41 participants, 32 male and 9 female, were included in the analysis for this report.
The 41 participants' vehicles included Chevrolet Cavaliers (n=3) and Malibus (n=6), Ford Explorers / Mercury Mountaineers (n=8) and Ford Taurus/ Mercury Sables (n=9), and Toyota Camrys (n=9) and Corollas (n=6). Only one of the vehicles, a Ford Explorer, had steering wheel controls. The vehicles had the following radio configurations: 14 had an AM/FM radio with cassette, 8 had an AM/FM radio with CD, and 19 had an AM/FM radio with cassette and CD. Because all of the radios had a cassette and/or CD component along with the AM/FM radio, they all contained buttons that could be used to perform multiple functions depending on the source being manipulated (multiplexing). As an example, the tuning, seeking, or scanning buttons in some cases could be used to adjust the radio frequency and to find a station of interest, but they might also be used to advance a cassette or CD tracks. Preset buttons almost always served multiple functions as well.
Approximately 17 hours of video were sampled for each of the 41 drivers from their approximate one year of observed driving. These 17 hours were partitioned into 64 trip files at 16 minutes each. In its entirety, 700 hours of data were analyzed, representing approximately 1.7% of the available data in the 100-car database.
Due to the inability to always see the driver's hand in low-light conditions, clips analyzed were primarily daytime files. However, a number of nighttime trip files were analyzed as well for purposes of comparison. The ratio of daytime to nighttime videos analyzed was approximately 9:1. Figure 1 shows an example camera view from a 100-car vehicle. Moving clockwise and starting in the top left quadrant the camera views are as follows: (1) driver's face, (2) forward view of roadway, (3) lower right quadrant split between passenger-side rearview (top) and view out of rear window (bottom), and (4) over-theshoulder view of steering wheel and center console. Figure 1 is one of the clearer views available, and the radio faceplate is visible in the bottom left quadrant. Audio data was not collected and therefore could not be used to help confirm interactions with the radio. Data was tabulated by the analysts whenever an interaction with the radio was observed. An interaction was defined as anytime the participant made contact with and manipulated the radio, continuing until the participant fully removed his/her hand from the radio. An interaction could be comprised of a single or series of adjustments or manipulations. For example, a driver may interact with the radio by adjusting the volume, changing the radio frequency by use of a preset button, and then adjusting the volume again. This example interaction would be comprised of three adjustments or manipulations (two volume adjustments and one preset button press). Similarly, a driver may make multiple adjustments or manipulations to a single source (e.g., volume adjustment) but, if nothing else is manipulated, the interaction would be recorded as one adjustment or manipulation. The following information was recorded for each interaction within a clip:
Begin and end points-data was collected at 10 Hertz. The time stamped synch number at the beginning and end of each interaction was recorded and used to determine the duration of the interaction Begin and end vehicle state -analysts would specify if the vehicle was starting (accelerating from a stop), moving (at a semi-constant speed), stopping (to a stop), or stopped at the beginning and end of each interaction Road type -the type of road traveled on during each interaction was specified as interstate, urban, rural, or parking lot Road condition -the condition of the roadway during each interaction was specified as dry, wet, or snow-covered Environment -the external environment during each interaction was specified as clear, raining, snowing, or foggy Wipers -the state of the wipers during each interaction was recorded as off, low, medium, or high Among the many variables of interest, the primary objective of this analysis was to determine the frequency with which drivers perform radio interactions and the types of functions accessed. This includes the length and type of the interaction, which controls are used most often, and the total percentage of time drivers interacted with the radio. It is important to note that since there was no auditory information, it was difficult to tell when the radio was on or off. Therefore, the presented analysis is based solely on the hours of reduced video, and not specifically to when the radio was on, as seen in previous research of this type (Curry and Jaworski, 1998).
RESULTS
Ultimately, a total of 6,631 interactions were observed within the 700 hours of reduced video.
On average, drivers spend approximately 1.4% of their driving time interacting with the radio, accounting for approximately 9.5 interactions per hour. The average duration of an interaction was 5.3 seconds, but with a large standard deviation of 14.2 seconds. For perspective, 69% of all of the interactions were 3 seconds in duration or less.
Each interaction was comprised of a single or series of manipulations or adjustments (i.e., adjusting volume, changing source). On average, each interaction was made up of 1.4 manipulations or adjustments, but with a
The most frequently accessed controls were the volume adjustment (48% of all manipulations) and the preset buttons (25% of all manipulations). Furthermore, adjusting the volume was the initiating (first) manipulation for 53% of all interactions and the preset buttons were first for 23%.
Approximately 18% (1194) of the observed interactions consisted of at least two manipulations or adjustments. These interactions were analyzed to find the most frequent pairings of manipulations or adjustments. There were twelve coded manipulations or adjustments, and a total of 92 unique pairings were found with a combined frequency of 2322 manipulation/adjustment pairings. The most common pairing was a preset button press followed by a volume adjustment, accounting for 18% of all pairings (Figure 3 ). This pairing was closely followed by the pairing of a volume adjustment preceding a preset button press, accounting for approximately 14%. All pairings accounting for 3% or less (n=85) were combined and labeled as "other" with a summed value of 47%. The overall frequency per hour for each interaction is shown in Figure 4 . Note that this is an overall frequency based on the total number of manipulations or adjustments divided by the total number of video-hours analyzed. Volume adjustments were made approximately six times per hour, followed by preset buttons at just over three times per hour. All of the other coded interactions had a frequency of less than one per hour. Overall, 69% of the 16-minute clips analyzed contained at least one interaction with the radio system. When parsed by participant, however, this value had a range of 25% to 95%. Further analysis was done on the three participants that had average interaction durations greater than 12 seconds. Primarily, interactions each of these three participants had over 1 minute in duration were examined for number and type of manipulations or adjustments. For one participant who had an average interaction duration of 14.7 seconds, 4.2% of his interactions were more than 1 minute in duration but only comprised of 2.3 manipulations on average. These were primarily volume adjustments and preset button presses. As a reminder, a participant could have an interaction with multiple preset button presses, for example, but if nothing else is manipulated in between it was recorded as a single manipulation. A second participant (with an average interaction duration of 12.3 seconds) had 11 interactions (2.9%) over 1 minute in length with an average of 7.2 manipulations per interaction. There were many analyst notes concerning this participant's indecision or inability to find an appealing radio station with most of his manipulations involving the presets, seeking, and tuning buttons. This participant's interactions which were greater than 1 minute in length had between 1 and 26 manipulations or adjustments. Finally, the participant with the highest average interaction duration (20.4 seconds) had 14 interactions (8%) over 1 minute in length. Thirteen of these interactions recorded only a single manipulation: the steering wheel volume adjustment. This participant was very difficult to analyze due to the availability of the steering wheel controls and the fact that he kept his hand in a ready position and appeared to make many adjustments during a given time.
Most Frequent Manipulation or Adjustment Pairings for Interactions with more than One Manipulation [18% of all Interactions]
As a reminder, the average percentage of time spent interacting with the radio was 1.4%. As with the other variables, there is large variance between participants, with percentages ranging from 0.1% up to 7.5% ( Figure  8) . Two of the participants with high percentages, one with 7.4% and another with 5.9%, were discussed previously regarding large average interaction durations. The participant with the highest percentage (7.5%) had an average interaction duration of 10.4 seconds. More importantly, however, this participant had 446 interactions within the 64 analyzed trip files, which is approximately 2.8 times more than average (162). (Table 1) . The mean and standard errors for each age group are also provided. As shown in the following figure (Figure 9 ), the percentage of time spent interacting with the radio was higher for the 25-35 age group (2.5%) compared to the overall average of 1.4%. At the opposing end, the 56 and older age group interacted with the radio approximately 0.4% of the time. Both of the middle-aged groups were comparable and close to the average. (Table 2) . Again, approximately 90% of the analyzed trip files were daytime trips. There was relatively no difference between day and night trips for interaction duration, manipulations per interaction, percentage of time interacting with the radio, or number of interactions per hour. Interactions per hour of video 9.5 9.7
As mentioned previously, a number of additional environmental characteristics were recorded for each interaction or 16-minute clip. This included whether the vehicle was moving or stopped, if a lead vehicle was present, road type, road conditions, weather conditions, and whether or not the wipers were active. Table 3 summarizes the characteristics for all interactions and clips (those that contained interactions) analyzed. 
LIMITATIONS
Recall that the initial data collection effort was to collect pre-crash variables. Therefore, the video resolution was designed to maximize the data collected while minimizing the necessary storage space on the hard drive, leading to relatively low resolution images. The instrumentation used in these vehicles can provide better resolution in future studies if needed. The video views were also designed to extract pre-crash information, not radio usage information. Although this secondary analysis of the naturalistic data set provided useful information, there were a number of limitations faced during analysis. The primary limitation was this compressed video resolution coupled with a poor overthe-shoulder viewing angle. Additionally, it was almost impossible to confirm if the radio was on or off during analysis when the participant was not interacting with it, except for some nighttime videos. There was also no audio to help confirm interactions. The primary reason for not doing analysis on more nighttime videos was that the participant's hand was generally not visible. An infrared (IR) camera would have helped and is recommended for future studies if this type of analysis is expected.
With respect to the radios, the source dependent buttons made it difficult to distinguish what source and exact function was being manipulated. Furthermore, multifunction knobs such as a knob that a driver would rotate to turn the system on as well as rotate to adjust volume made it very difficult to discern on the videos between the two adjustments. Finally, matching faceplates in each vehicle to a known faceplate image was also difficult and time consuming. For the six vehicle types analyzed, 24 matching faceplates were used due to variations in vehicle trim levels and available radio upgrades.
CONCLUSION
In conclusion, this research fulfilled its goal to be a useful pilot study. The analysis could have been improved and made easier if observing radio usage had been an objective from the start of the data collection, instead of a post-hoc analysis. If future work of this type is anticipated, the limitations expressed should be addressed (i.e., IR cameras over center stack, higher resolution videos) in addition to implementing any further instrumentation that may assist with video data reduction (e.g., instrumenting the radios to record button presses, etc.). This type of analysis could also be performed on higher-end components that may include additional features such as navigation, satellite radio, and MP3 capability.
